I have entitled this Address 'Trial and Error in Gastric Surgery' because, although the practice of surgery should be both an art and a science, the scientific discoveries in the laboratory, especially when animals are used, often fail to achieve the required objective when applied to the art and technique of surgery. This is not the fault of the experimental surgeons and physiologists, but it then becomes the task of the practising surgeons to apply their discoveries to the human subject. Often our methods prove wrong, but, what is more important, we apply the discoveries in the wrong way. Nothing illustrates this better than the management of duodenal ulcer in this century. Table 2 Gastrectomy for uncomplicated peptic ulcer 1940-49: symptoms after 5-10 years (Visick' When I was a student and houseman the ultimate in the surgical treatment was a vertical, isoperistaltic posterior no-loop gastroenterostomy; and I remember Sir James Walton performing large numbers of these, rapidly and with practically no mortality. He claimed a recurrence rate of only 5 %, and it took a long time for the average surgeon to realize that the recurrence rate was in fact extremely high, probably over 30%. Furthermore, these recurrent or stomal ulcers were far more vicious than the original ulcer, responded indifferently to medical treatment and produced profound complications such as catastrophic himorrhage from involvement of mesenteric vessels and gastrojejunocolic fistula, to mention but two. In order to rectify this, it was found necessary to remove by gastrectomy a large part of the acid-forming part of the stomach, and when this was done the recurrent ulcer rate fell to 5 % or lower. This procedure was at first associated with a large increase in mortality, but with further experience this was overcome and a survey of gastrectomies performed at St James' Hospital, Balham, at first by Norman Tanner and later by myself and others, showed that this operation could be done with an exceedingly low mortality (Table 1) .
In an attempt to reduce the recurrence rate still further, surgeons removed more and more stomach, culminating I suppose in Hedley Visick's measured gastrectomy', which reduced the recurrent ulcer rate to well below 2%. However, new and serious problems resulted, the most important being dumping, aneemia and the malabsorption syndrome, and an increasing number of gastric invalids appeared in our follow-up clinics.
5Visick's gradings are as follows: I, no symptoms; II, minor symptoms easily controlled; Ills, improvedsymptoms not relieved by simple measures but which do not interfere with work or life; IIIu, as Ills but interfering with work or life; IV, unsatisfactory and including recurrent ulcers (Visick 1948) Table 2 ). It thus appeared that about onefifth of our gastrectomies were unsatisfactory for one reason or another. Strangely, our antecolic gastrectomies were more satisfactory than our retrocolic.
A very careful study of our notes and methods of gastrojejunal reconstruction revealed two very important factors, the rectification of which totally changed the face of our follow-up clinics. Dumpers, from being common and disturbing, became relatively rare. These factors were: (1) That the higher the gastrectomy the higher was the incidence of dumping. (2) That the longer the afferent loop the higher was the incidence of dumping. We therefore shortened the afferent loop to 3 inches (7.5 cm) or less and contented ourselves with an approximate two-thirds gastrectomy.
Dumping became no longer a serious problem; however, a number of patients with high gastrectomies and long afferent loops were left whose dumping was severe and who did not respond to medical measures and in whom some further surgical procedure seemed necessary. Many pro- cedures were tried such as conversion to Billroth I or vagotomy and conversion to Roux gastrectomy, but after trial and error I found one procedure to be extremely helpful.
Conversion to Billroth I with JejunalLoop Interpositionfor Postgastrectomy Dumping Syndrome The efferent jejunal loop is transected about 5 inches (12.5 cm) from the stomach and the afferent loop is transected close to the stomach ( Fig IA) . The gastric side of the afferent loop is closed and turned into the stomach. The proximal transected end of the efferent loop (B) is anastomosed to the duodenal stump B and intestinal continuity is restored by anastomosing the afferent loop (A) to the distal end of the transected efferent loop ( Fig 1B) . Part of the efferent loop is thus used as an interposed loop between stomach and duodenum. This eliminates the long afferent loop and increases the capacity of the stomach.
In a personal series of 25 patients with severe and crippling dumping the reasons for this procedure were: dumping only, 22; dumping and anemia, 3. The results were: Visick I, 19; Visick II, 6; there were no deaths and no recurrent ulcers and all anlemias were easily controlled. It has the further effect of reincorporating the duodenal loop and thus enhancing iron absorption, because the third important factor we found as a result of our review was that a high proportion of the patients developed an iron deficiency anemia which was often resistant to simple treatment (Table 3) .
In this context we found in the follow-up clinic that a simple hemoglobin estimation was of limited value in assessing iron deficiency and that the only reliable guide was a serum iron estima- We thus conclude that the Polya gastrectomy for duodenal ulcer is a highly satisfactory procedure. Nearly 90% of patients are satisfactory and remain so for many years. The incidence of recurrent ulcer is about 3.5 % and nowadays this complication is easily and satisfactorily rectified by selective vagotomy. Approximately 6 % dump, but since 1955 I personally have not had to operate on any of my cases for this complication. Most of them respond to dietetic treatment, the most important measures being a drastic reduction of their fat intake, and taking their meals dry.
In 1943 Dragstedt introduced the concept of vagotomy in the treatment of duodenal ulcer (Dragstedt & Owens 1943) . We accepted this, like everyone else, and in 1947 began doing this operation. I personally had some misgivings. Here we were cutting this highly important nerve, about which we knew very little and which was the sole parasympathetic supply to the foregut and most of the mid-gut including liver and pancreas, in order to cure a small lesion in the duodenum. Nevertheless, it was a §imple procedure with low mortality, and in this respect was attractive.
Like others our first patients had no drainage procedure and this was disastrous. Of At this point we should undoubtedly have returned to the physiologists instead of waiting over twenty years to discover why retention occurred, instead of adding a drainage procedure. Nevertheless, 45 % of the patients did not develop gastric retention. So we added a pyloroplasty or gastroenterostomy, and this seemed to work.
However, a new set of symptoms appeared, namely the postvagotomy syndromes, and once more unhappy patients were found at follow up. I was so disenchanted that I returned to gastrectomy as the more satisfactory treatment for duodenal ulcer.
In 1956 we carried out a review of our vagotomies with drainage and were alarmed at the results (Table 4) .
A comparison was then made between vagotomy and gastrectomy (Table 5 ) which made me even more willing to revert to gastrectomy.
In 1970 my registrar, Mr Neil MacIntosh, carried out a total review of our truncal vagotomies with drainage to determine how many patients required further surgery for postvagotomy syndromes and recurrent ulcers.
Between 1947 and 1970 549 patients had undergone truncal vagotomy and drainage; the results were satisfactory in 488, but 61 (11 %) required further surgery.
The postoperative symptoms were: pain (epigastric, heartburn or cramp-like) in 28 %, vomiting in 15%, dumping in 16% (early:late, 2:1) and diarrhoea in 30 % (4 % severe).
Weight gain occurred in 17% and weight loss in 15%, with no change of weight in the other 68%.
Failure occurred in 33 of 316 patients who had vagotomy and pyloroplasty (10%), in 13 of 70 patients who had vagotomy and posterior gastroenterostomy (19%) and in 14 of 141 patients who *had vagotomy and anterior juxtapyloric gastroenterostomy (10 ). Twenty-five patients (4.5 %) developed recurrent ulcers of which 11 were duodenal, 9 stomal and 5 gastric.
Revisional surgery was performed in 61 patients: 14 had a revision of the drainage procedure, 39 low gastrectomy (Polya reconstruction) and 8 Roux conversions or reverse loops. All were recategorized as Visick I, II or Ills and all gastrectomies as Visick I and II.
Cause ofFailure Recurrent ulcers can be partly explained on the basis of incomplete vagotomy.
Gastric ulcers have some other explanation which, like the etiology of gastric ulcers in general, is controversial. However, some patients with negative insulin test meals (ITMs) developed recurrent ulcers and many with positive ITMs did not. What was the cause of the other postvagotomy syndromes? Evidence has been forthcoming to impute the ablation of the coeliac and hepatic nerves. Other evidence has suggested it is the drainage operation that is at fault.
Over the years I have developed a very healthy respect for the pyloric sphincter and believe its destruction is to be avoided at all costs.
Selective Vagotomy with Drainage
In 1963 we became enamoured of the concept of selective vagotomy. Here was a more specific method of parietal cell denervation and a way, possibly, to determine whether the destruction of the hepatic and coeliac nerves was the seat of the trouble.
We have been able to study 125 patients submitted to this procedure for uncomplicated duodenal ulcers with a follow up period of six months to eleven years (mean 3.3 years). There was no mortality. There were 8 recurrent ulcers of which 4 were duodenal ulcers, 3 were gastric ulcers and one a stomal ulcer. Only one of these patients had an incomplete vagotomy as shown by the ITM. Eighty-six per cent of the patients were satisfactory in Visick gradings I and II. However, the outstanding change was the almost total absence of the complication of diarrhoea. This suggested that this complication was due to the destruction of the cceliac and hepatic nerves. However, the other syndromes remained a problem, which suggested that the drainage operation might be at fault. In an effort to show this in a few patients selective vagotomy was performed without drainage, but so many of them developed gastric retention and atony, requiring a subsequent drainage procedure, that we abandoned it and were unable to reach any conclusions.
Highly Selective Vagotomy (HS V) Johnson & Wilkinson (1969 and Andrup et al. (1970) published their results in highly selective vagotomy (HSV), the emphasis being on the preservation of the motor nerves of the antrum and thus of the normal motility of the stomach. Here was an opportunity to denervate the stomach without the necessity of a drainage operation and it will be seen from the results at St James' Hospital, set out below, that if the pyloric sphincter continues to function and the stomach to empty normally, the majority of the postvagotomy syndromes do not occur, which is perhaps suggestive that the drainage operation is the main cause. It is also noteworthy that there were no patients with diarrhoea.
Results ofHighly Selective Vagotomy at St James' Hospital
In 200 patients selected for HSV the indications for operation were: failure of medical control, 141; perforated chronic duodenal ulcer (delayed HSV), 16; bleeding duodenal ulcer (delayed HSV), 27; stenosis with biochemical changes, 11; stenosis without biochemical changes, 5.
The insulin test meal was technically satisfactory in 171, incomplete (Hollander) in 7 and border-line in 9.
After operation the Visick gradings were: I, 182 cases; II, 15 cases; III, no cases; IV, 3 cases.
Complications occurring were: acute gastric ulcer, 2; mild temporary dysphagia, 17; dysphagia requiring bouginage, 3; subphrenic abscess, 1; splenectomy required, 3; wound infection, 11; deep vein thrombosis, 3. There were no recurrent duodenal ulcers, chronic gastric ulcers, gastric atony, wound dehiscence, pulmonary embolus or diarrhoea. There was one death, from myocardial infarction.
Dumping and hypoglycemia occurred in 2 patients, vomiting without retention in 3, and heartburn, fullness or flatulence in 15.
It is important, however, to realize that HSV is by no means an easy operation to perform properly, especially in fat and deep-chested patients, and although much has been written about the technique, I should like to reiterate some of the conclusions, and indicate where I think the operation may go wrong:
(1) It is important to preserve totally the anterior and posterior nerves of Latarjet and the so-called 'crow's foot', which are the motor nerves to the antrum.
(2) In doing this it is essential to divide the secretory nerves at the incisura angularis as these may be overlooked in the efforts to preserve the 'crow's foot'. (3) All the cesophageal branches on the lower 6 cm of the cesophagus must be looked for and divided.
Section ofSurgery
(4) CunQtant branches passing down the left side of the abdomninal cesophagus to the gastric fundus must be identified and divided. (5) The free edge of the gastrohepatic omentum should be sutured well on to the anterior surface of the lesser curve in an attempt to prevent possible nerve regeneration. (6) If severe duodenal stenosis is present there is no need to destroy the pyloric sphincter, as a simple duodenoplasty of the first part of the duodenum will achieve the same objective.
Gastric Ulcer
The etiology of gastric ulcer remains obscure, with two principle theories: (1) That it is due to pyloric narrowing and dysfunction (Burge et al. 1963 ). (2) That it is due to biliary regurgitation through the pylorus (Capper 1967) . Both presuppose pyloric dysfunction and if that is so there may be an element of agreement. It is and always has been our policy to treat gastric ulcers by a Billroth I gastrectomy.
In reviewing the results reported by Tanner (1954) , we found that about 11 0% of the patients suffered from dumping and all had had high gastric ulcers which had been removed by high gastrectomy. As in the Polya operation it seemed to be the resulting small stomach which caused dumping, so we have since conserved as much of the stomach as possible by the Pauchet procedure (Fig 2) . Sometimes when the ulcer is high on the posterior wall it is necessary to perform a rotation procedure (Fig 3) . By retaining a relatively large gastric remnant, we have almost eliminated dumping. The recurrent ulcer rate and mortality are extremely low. Recurrences are most frequent when the ulcer is below the incisura angularis in the antrum. It seems that the lower the ulcer, the more it behaves like a duodenal ulcer. In 500 Billroth I gastrectomies for uncomplicated gastric ulcers carried out in 1955-60 there were 9 recurrences (1.8 %), 6 in 125 patients with an ulcer below the incisura (4.8 %), and 3 in 375 patients with an ulcer above the incisura (0.8%); there were 3 deaths in the series (0.6 %).
For some time now vagotomy and drainage, and latterly HSV, have been tried in the treatment of gastric ulcers. Endoscopic and operative biopsies are used to exclude malignancy. We have felt that, as the results of Billroth I gastrectomy are so uniformly good, with a very low mortality, there is no reason to change.
Another reason is our fear of the 'ulcer cancer'. Biopsies can never entirely exclude this complication for, as is well known, a small area of malignant change often lurks in one corner of the ulcer and this area may be completely missed.
It is difficult to assess the incidence of ulcer cancer. In our series, when a gastric ulcer perforates, the chance of its being malignant is more than 12% (Table 6 ). Furthermore, from time to time we have carried out a routine gastrectomy for gastric ulcer and to our surprise the' pathologists have reported malignant change. During the twenty-one years 1950-71 this has occurred 58 times in a total of 1865 gastric ulcers resected (3.1 %). During the same period there were 1045 gastric cancers including these 58 patients, i.e. 5 5.5%. We therefore feel that all gastric ulcers should be removed, if possible with an adequate margin of stomach above the ulcer.
Conclusion
How are we to avoid making these errors? I suggest the only way is by frequent and critical follow up analysis and when the unexpected happens go back to the drawing-boards of anatomy and physiology to see if we have misinterpreted the facts.
